Toxico-pharmacological perspective of the Nrf2-Keap1 defense system against oxidative stress in kidney diseases.
Oxidative stress, including the generation of reactive oxygen species (ROS), appears to be responsible for the high incidence of cardiovascular events in patients with chronic kidney disease (CKD), and for the progression of CKD to end-stage renal disease. The processes for oxidative stress include increased generation and decreased elimination of ROS that could be caused by an impaired antioxidant defense system. Nuclear factor-erythroid-2-related factor 2 (Nrf2) helps protect the kidney against oxidative stress by playing a pivotal role in the cooperative induction of genes that encode antioxidant and detoxifying enzymes. Nrf2 is confined to the cytoplasm as an inactive complex bound to a repressor Kelch-like ECH-associated protein 1 (Keap1), which facilitates ubiquitination of Nrf2. Studies using CKD model animals showed that despite stimulated oxidative stress the nuclear Nrf2 level was suppressed, which led to downregulation of the antioxidant enzymes. Hence, deterioration in Nrf2-Keap1 signaling could contribute to the severity of oxidative stress and the progression of CKD. By contrast, acute kidney injury (AKI) induces activation of renal Nrf2. Nrf2 activators or its proteasomal degradation inhibitors enhance nuclear Nrf2 translocation, inducing potential renoprotective actions against CKD and AKI. In both chronic and acute kidney diseases, sulfate-conjugated uremic toxins appear to enhance ROS production when accumulated in renal cells. An intestinal indole adsorbent ameliorates the progression of CKD by decreasing accumulation of indoxyl sulfate. Therapeutic approaches to prevent oxidative stress via activation of the Nrf2-Keap1 signaling and/or suppression of uremic toxin-induced ROS production could be effective strategies for maintaining kidney function.